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© Method and apparatus for decoding reed-solomon code. 



© Decoding for the Reed-Solomon Code in which syndromes are calculated by a parity check matnx and a 
received word, an en-or location polynomial <j(x) and an error evaluation polynomial cu{x) are calculated, an error 
pattern Op is obtained using a formal first-order differential polynomiala (x) of the error location polynomial a(x) 
and the en'or evaluation polynomial c^x). and a symbol of an error position p is corrected. Even number terms 
and odd number terms of the error location polynomial are separated and predetermined values are put into 
each x of the separated even number terms and a (a "^) and a' are produced simultaneously erasure 
correction is made by regarding points as corrected when a condition of 

deg a' (x) > deg cj-(x) . 
is established based on uy'U) = a'(x) -S (x). which is obtained by a multiplication of an error location polynomial 
a'M and the syndrome polynomial S(x). where a'(x) is the error location . polynomial formed by values 
corresponding to error locations indicated by the pointers. 

2, Fig. 3 
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BACKGROUND OF THE INVENTION 



neid of the Invention 

This invention relates generally to a method and apparatus for decoding Reed-Solomon Code and, 
5 more particularly, to a method and apparatus for decoding Reed-Solomon Code and performing error 
erasure correction. 



Description of the Background 

70 

Generally, it is shown to decode Reed-Solomon Code by using the steps of: i) calculation of the error 
syndromes; ii) derivation of an error location polynomial a (x) and an error evaluation polynomial«(x); iii) 
assumption of error locations and error values: and iv) execution of the error correction. 

A decoding method using a solution that utilizes a root of a conventional equation cannot be applied to 
rs the situation for conrecting multiple errors equal to or greater in number than five. In the case of correcting 
errors equal to or greater in number than give, a method using an Euclidean algorithm is known. That is, the 
production of the error location polynomial o(x) and the error evaluation polynomial « (x) is performed. 

In the actual error correction, if values (1. a""-, a"^, ...) are put into the enror location polynomial a(x) in 
that order and the value at tfiat time becomes zero, it is assumed to be error location p. Also, the error 
20 pattem ep is obtained by: 
ep ^ oKa-P) (a'(a P)) 

where «{a'P) is obtained by putting a"P into the error evaluation polynomial ai(x) and a (a^) is obtained by 
putting a-** into a fomial first-order differential polynomial a'(x) of a(x). However, to calculate a(a') and a (a') 
separately requires a lot of time and also results in an increase in circuitry. 

25 On the other hand, another error correction method called the erasure correction method is also known 
that is different than the error correction mettiod mentioned above and in which an error location Is obtained 
by using ttie error correction code itself and ttien the error is corrected. In the erasure conrection method, a 
pointer is "Set at ttie error location thai has been determined by using an error detection code or ottier 
means and an error at the error location indicated by the pointer is corrected using the error correction 

30 code. 

Nevertheless, there is a problem in that it is impossible to judge whether tiie pointer indicates all error 
positions correctiy or not. Thus, there is the real possibility that enroneous error conrection may mistakenly 
occur in those cases where the pointer itself is incorrect. 

35 

OBJECTS AND SUMMARY OF THE INVENTION 



Accordingly, it is an object of the present invention to provide a method and apparatus for decoding 
40 Reed-Solomon Code that can eliminate the above-noted defects inherent in the prior art. 

Another object of the present invention is to provide a method and apparatus for decoding Reed- 
Solomon Code thai is capable of reducing the processing, time and that can be realized by relatively simple 
circuitry. 

A further object of the present invention is to provide a method and apparatus for decoding Reed- 
45 Solomon Code thai is capable of checking whetiier the flags or pointers indicate error positions correctly 
and for performing erasure correction, by which operation the errors are eliminated, with high reliability. 

According to an aspect of tiie present invention, in a decoding apparatus for the Reed-Solomon Code in 
which syndromes are calculated by a parity check matrix and the received data, an error location 
polynomiala (x) and an error evaluation polynomial «(x) are calculated, an error pattern ep is obtained by a 
so calculation of [ep =« (a-^Va {a-^)] using a formal first-order differential polynomial a'(x) of said error location 
polynomial a(x) and said error evaluation polynomial cj(x). so that a symbol at an error location p Is 
corrected. More specifically, the even-numbered terms a^(x) and the odd-numbered terms ao(x) of said error 
location polynomial are separated. Then (ae(«*^)l and [ao(a"')l which are values obtained when predeter- 

2 
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mined values are put into each x of the separated even-numbered terms oe(x) and odd numbered terms cto- 
(x). and then: 

5 are calculated so thatoCa "") and a (a ""), are produced simultaneously. According to the present invention, a 
decoding method of a Reed-Solomon Code for calculating syndromes based on a parity check matrix and a 
received word, provides the steps of calculating an error location polynomial a (x) and an error evaluation 
polynomial <j(x) from the syndromes, obtaining an error pattern ep by a calculation of [Op = <a (a-<*)a (a-**)] by 
the use of a formal first-degree differential polynomial a'(x) of the error location polynomial ff(x) and the 
10 error evaluation polynomial w(x), and correcting symbols at an error location p. 

Erasure correction is made by regarding pointers (flags) as con-ect when the condition: 
deg a'(x) > deg ai'(x) 

is established, on the assumption that a'{xy S (x). which is obtained by a multiplication of an en-or location 
polynomial <t'(x) and a syndrome polynomial S(x). where a{x) Is the error location polynomial formed by 
js values corresponding to error locations indicated by the pointers. As a result, the reliability of the pointers 
can be checked with certainty. 

The above and other objects, features, and advantages of the present invention will become apparent 
from the following detailed description of preferred embodiments thereof to be read in conjunction with the 
accompanying drawings. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 



25 Rgs. 1 A and 18 are respective schematic representations of data words and error location polynomi- 

als useful for describing decoding of Reed-Solomon Code; 

Rgs. 2A and 28 are respective schematic representations of data words including errors and an error 
pattern useful in describing decoding of Reed-Solomon Code: 

Figs. 3A. 38, and 3C are respective schematic representations of data words including errors, an 
30 error pattern, and error pointers useful in describing decoding of Reed-Solomon code; 

ng. 4A. 48. and 4C are respective schematic representations of data words including errors, an error 
pattern, and error pointers useful in describing decoding of Reed-Solomon code: 

Rgs. 5A. SB, and 50 are respective schematic representations of data words induding enrors. an 
error pattern, and error pointers useful in describing decoding of Reed-Solomon code: 
35 Rg. 6 is a schematic in block diagram form of a part of a decoder for Reed-Solomon Code according 

to one embodiment of the present Invention: 

Rgs. 7A and 78 are timing charts showing the operation of the decoder for Reed-Solomon Code 

shown in Rg. 6; ^ ^ 

Rg. 8 is a flow chart showing a method for decoding Reed-Solomon Code according to one 

40 embodiment of the present invention; 

Rg. 9 is a schematic in block diagram form of an embodiment of a polynomial multiplier: 

Rgs 10A and 108 are schematics in block diagram form useful in describing the embodiment of Rg. 



45 



9: 



Rg 1 1 is a schematic in block diagram form of embodiment of a polynomial multiplier: 
Rgs. 12A, 12B. and 12C are schematics in block diagram form useful in describing the embodiment 

^'^ Fig. 13 is a schematic in block diagram form of an embodiment of a calculation circuit for calculating 
a (x) S 00, and ^ g^j^g^^tic block diagram form of another embodiment of a calculation circuit for 
50 calculating a"{x) S (x). 



55 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Before describing an embodiment of the present invention, a conventional decoding method of Reed- 
5 Solomon code using the Euclidean algorithm wil! be described. 

If it is assumed that t is the number of correctable symbols and n is the code length, then a parity 
check matrix H for con-ectton of t errors of Reed-Solomon code will be expressed by: 
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From the product of the foregoing parity check matrix H and the received signal, the syndromes are 
generated and ttie following syndrome polynomials are defined: 
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The following polynomial, in which the values generated in the atjove equations are used as coeffi- 
cients. is referred to as a syndrome polynomial. 

ThieVe iious^kUlds^o^''Uynomials'taIown for error correction, and they all satisfy the following relation: 
<t.(x) • x" *■ o(x) • S(x) = 
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where. 



2t-l . 
S(x) - E Si 



t ssrndroffle polynomia.!, 



oCx) a n (x - tt"^^*^^) t error position polynomial, 
L6E 



w(x) - r e, • n (x - o"^ ) J error evaluation 
LfeE ^ KeE 

K#L polynomial, 



LrE ^ KfrE 



Among the above equations, the error location polynomial a(x) and the error evaluation polynomial «(x) 
are required when the error correction is actually performed. 

Assuming that the above equations are always satisfied, x^* is obviously known, and S(x) can be known 
from the received signal. From x^' and S(x), a{x) and u,(x) can be obtained by using the Euclidean algorithm. 
In a well-known example, the Euclidean algorithm is used to solve a problem such as: ''For given positive 
integers m and n. calculate the greatest common measure d and integers a and b that satisfy the 
expression (am + bn = d)". The Euclidean algorithm is also similarly used in the case of polynomials, in 
addition to being used simply with integers as in the above. More specifically, it is sufficient to derive a 
correspondence such that (m-x^') and (n-*S{x)), Nevertheless, in the above example involving integers, the 
greatest common measure d is obtained -by executing the Euclidean algorithm to its final stage. Similarly, in 
the case of obtaining a(x) and «(x) to execute the error correction, the greatest common measure is not - 
obtained until the final stage of the algorithm is executed, however, if the following conditions are satisfied 
during the algorithm, the execution of the algorithm can be stopped. 

t Z deg o(x) > deg w(x) 

(deg means the number of the order of a polynomial). 

The assumption of error positions and enror values can be done using i7(x) and « (x) derived by using 
the Euclidean algorithm, and error correction is performed. This processing will be explained using the 
example of a four-sample error correction code. When a received signal consists of n symbols, as 
represented in Rg. 1A. the values that are substituted as x in the error position polynomial a(x). are (1.a-\ 

... a-*p-^> a-<"-'») from the end of the received signal to the beginning thereof, in the order as shown in 

Fig. IB. Namely, the number of P is the number that is counted from the end of the received signal. 

As one example, assuming that the end of the signal is the 0th position, errors occur at the first and 
fourth positions, respectively, as indicated by the shaded portions in Rg. 2A. Now error correction will be 
considered in the case where these errors are an error pattern of («' \ a^h as shown in Rg. 2B. A syndrome 
polynomial in this case will be: 

S(X) = a^X^ + a^X' + a'x^ + a'^X* + aX^ + a^X^ + a*X * ot^ 

o(x) and cj(x) are obtained by the Euclidean algorithm using the syndrome polynomial S(x) and x • . As 
a result, the error location polynomial o(x) and the error evaluation polynomial ai(x> can be obtained as 
follows. 

a (X) = x2 + a'Ox + a ° 
« (X) = a^X + a'2 

Thus. o'{x). which is obtained by a formal first-order differential of o(x). becomes: 
<j' (x) = a*o 

En-or locations and error patterns are obtained using the error location polynomial and the error 

evaluation polynomial. If values (1. a-\ ) are put into the error location polynomial a(x> in that order 

and the value at that time becomes zero, it is assumed to be an error position. 
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Also, an error pattern ep is obtained by ep = w{a P) / 0'{a'% 
In the example of Rg. 2A, 

a(a-*) = + aS + a'O - q 

5 are established so that an error location can bejJetected. Error patterns ei and e* assume the values: 

ei = «(a") • = a& * a*^ = or** = a** 

As a result, correct error patterns can be obtained. The execution of the error correction can be 
obtained by performing the addition (mod. 2) of the error patterns and a received sequence. 
to In regard to the above-described Reed-Solomon Code, one error contains two unknowns. Therefore, in 
the case of t-multiple error correction, 2t parities are added, and in the case where 2t syndromes, generated 
on the receiving side, contain t errors, it is possible to solve t enror positions and t error patterns 
corresponding to 2t independent equations. 

In addition to the error correction method described above there is also the so-called erasure correction 
15 method for decoding the Reed-Solomon Code. 

In such method, the above-described equation will be taken up again and: 
o(x) 'x^' +a(x) •S(x) = «(x) 
As a result. 

a<x) *S(x) « cd(x) (mod. x^*) 
20 is established. A calculation can be made with respect to the example of Rgs. 2A and 2B such that: 

S(X) = a^X^ + a^x^ + a^x3 + a^X* + aX? + cr^x^ +o*X + 
a(x) = X^ + a-Ox + a-0 

o(x) S(X) = a«x5 + ax« + a'x +a'2 . + a 2 (mod. X«) = «(x) 

Thus, it can be seen that the above equations are established. 
26 In the case of erasure correction, pointers are generated using another error detection code, and the 
pointers indicate that errors are likely to exist Therefore, it should be noted that the symbol is not always 
an error even if a pointer is set As shown in f=igs. 3A and 3B errors similar to those represented in Fig. 2B 
occur, and erasure correction will be explained for the case where pointers are set at the position shown in 
Rg. 3C. 

30 First, an error location polynomial corresponding to the error position polynomial o(x) is synthesized 
using the errors pointed out by the pointer. Because ttie pointers are set at the positions corresponding to 
(X = 1) (X = a-') (X - (X = a-*) as indicated in Rg. 3C, a* (x) is obtained. as follows: 

or (X) = (X +1) (X + a-*) (X + {X + a-*) = X* + or'x^ + a^)^ + a'^X + 

An en'or evaluation polynomial «'(x) is obtained using this error location polynomial c7r(x) and the 
35 syndrome polynomial S(x). 

at' (X)' S (X) « <Ji • (X) 

With an actual calculation. 

• (X) = a^x^ + x2 + o-° (mod. X*) 
Moreover, 

40 or ' (X) = cr^x^ + 

As a result when error patterns are obtained, the following is established: 
X « 1 

eo = «r (1) ' at*' (1) = O/a^ = 0 

Since this is not the place where an error occurs, the error pattern may be zero. 

45 X = a~' 

ei = oit • (a-*) ; at - ' (a-*) = = a^' 

X = a-2 

02 = «r (a-2) / ' {of-2) = O/a'2 = 0 
X = a"* 

50 ex = a,r (a-*) a' ' {a'") = a'* ' a^^ = 

As has been described before, it is understood that all error patterns are obtained and corrected 
accurately. 

In the erasure correction method, there is the possibility that erroneous connection may happen in the 
case where a pointer is incorrect. For example, when errors similar to those shown in Rgs. 3A. 3B and 4A, 
55 4B are generated, the case where a pointer erroneously overlooks an error is shown in Rg. 4C and will be 
explained as follows. 

An error location polynomial oz'ix) obtained by this pointer is: 
02' (X) = (X + 1) (X + a-') (X + a"^ = x3 + a^x^ + + a'x + 
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Further, by calculating aa' (x)* S (x), 

02' (X) S (x) ■ ax' + a*2x5 + a^x' V a*X* + +a-x2 + a'* = wz' (x) (mod. X^) 

rs proved. Thus, with this polynomial error correction for a position that is not indicated by a pointer cannot 
be performed. Accordingly, it is a purpose of this present invention to provide an approach to overcoming 
5 the drawback. ^ ■ 

As mentioned above, in actual error correction. <y(a'), <j(a') and a'(o') must be calculated when (x = o') is 
given. In this case, to calculate a (a') and a (a') separately requires a lot of time, resulting in an increase in 
circuitry. An object of the present invention is therefore to provide a decoding apparatus for the Reed- 
Solomon Code that is capable of calculatinga(a*) and a' (a') simultaneously at the time of error correction, of 
10 reducing the processing time, and of simplifying the circuitry. 

F\g. 6 shows a circuit arrangement of one embodiment of the present invention and Rg. 7 is a timing 
chart useful in describing the circuit operation of Rg. 6. 

In Rg. 6. values of a*^* are sequentially supplied to an input terminal 1 and. more specifically, assuming 
that a code length is n. a**<"'2>, „-2(n-3i ^-2 sequentially fed to input terminal 1. As will be 

15 seen from the timing chart of Rg. 7A. (n =32) is established. 

In Rg. 6. a sequence {ay, as, <j3. of odd number terms Co of an error location polynomial a(x) are 
sequentially supplied to another input terminal 2, and a sequence (as. a*, az, ao) of even number terms 
of the error position polynomial a(x) are sequentially fed to another input terminal 3. A sequence of odd 
number terms Qo of an error evaluation polynomial «(x) are sequentially fed to input terminal 5, and a 
20 sequence of even number terms Qe of the error evaluation polynomial w{x) are sequentially supplied to input 
terminal 6. The circuit of Rg. 6 perfonms a calculation on both a(x) and <d(x), and Rgs. 7A and 7B show the 
timing chart of a calculation operation of <r{x). 

In Rg. 6. a prefix F indicates a D-type flip-flop and a 0-type flip-flop with a clock enabling terminal, a 
symbol ML represents a multiplier of a finite field, and a symbol AD indicates an adder of a finite field. 
25 As shown In Rg. 7A values of a^^'having one clock delay in timing with one another are generated at 
respective outputs of D-type flip flops FO. F1. F2, and F3. Moreover values of a/ and ae are subjected to 
sampling by each of flip-flops F10 and F30 that include a clock enabling terminal at the first stage. 

07 produced by a flip-flop F11 and a'^* are multiplied in multiplier ML1. and the output signal of 
multiplier ML1 and that of a flip-flop F21 are added at an adder AD1. The output signal of adder AD1 is 
30 taken out through a flip-flop F1 2. 

Similarly, as produced by a flip-flop 31 and a*^' are multiplied in a multiplier ML11. The output signal of 
multiplier ML11 and that of a flip-flop F41 are added at an adder AD 11. and the output signal of the adder 
A01 1 is fed out through a flip-flop F32. 

Calculations similar to those described above are done with respect to the odd number terms and the 
35 even number terms. As a result, data, which is taken into flip-flop F14, becomes oC (a*") and data which is 
taken into a flip-flop F24. becomes a\ (o'P). The output of the flip-flop F14 and or"' fed through flip-flop F4 
are multiplied at a multiplier ML4. and the output of multiplier ML4 and that of the flip-flop F24 are added in 
an adder A04. 

As a result, data, which is obtained by sequentially putting a"* into x of the error location polynomial c- 
40 (x), is produced at the output of adder AD4. 

The output of adder AD4 is supplied to a NOR gate through a flip-flop F25. NOR gate 9 generates a 
high-level output when the output of the flip-flop F25 is zero, that is, at an enror position. 

Further, the output signal of the flip-flop F14 is fed to a ROM 10. ROM 10 produces d (a***)"', which 
is the inversion of a/ (a **). The output of ROM 10 fed through a flip-flop F45 is supplied to an AND gate 
45 12 together with that of NOR gate 90. The output of AND gate 12 is fed to a multiplier ML25- 

Processing similar to that of en'or location polynomial a(x) is made with respect to the error evaluation 
polynomial w(x), and (a-^) is fed into a flip-flop F54 and <tfe »s fed into a flip-flop F64. «(a*P) is fed 
into a flip-flop F55 as the output of a multiplier ML24 fed through an adder A24. The output of the flip-flop 
F55 and a'<a'P), which is the output of AND gate 12. are multiplied at the multiplier ML25. 
50 An error pattern indicated by [Op =«(o'<») a\a'^)] is obtained at the output of the multiplier Ml^5. The 
error pattern is supplied to an adder AD25 and added to the received signal fed in at terminal 7 after it has 
passed through a flip-flop F65. As a result, error correction is executed. The output signal of the adder 
AD25 therefore becomes post-correction data, and the post-correction data is taken out at an output 
terminal 8 through a flip-flop F66. 
55 Given an error position polyrwmial o(x). by 

a(x) = 00 + aix + 02x2+ ajx^ ♦ tf*x* . the calculation of o(qc *) and a (O is done. At this time. 
The following separation is made: 

o (X) - ffe(x) + ao (X) 

7 
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25 



where a.(x) is an even number term and oo(x) is an odd number tenn. In this case since (a (x) = c„ (x)) 
and {<ro(x) = x*o'o(x)) are established. 

o{x) = «»e{x) + x*o(x) = Oe{x) + x*ao(x) 
can be written. As a result, when a(a*) Is calculated. 

5 a(a ') = Oe(a ') + a-^'oCo") 

cairi cJcLtetld by the separate calculation of a.(a-*) and As a result the simultaneous calculation 

of a(a ') and a'o («■«) Can be attained. The calculation of the error evaluation polynomial «(x) can be done in 
a quite similar way. since its order is one less than a(w). ^ • m a -^h ,=o,^<»,-t 

,0 According to the present invention, no separate calculation of a(a-) and c (a ") .s needed with respect 
to the error location polynomial a(x). Therefore, a reduction of the processing time can be achteved. Also, 
the circuit size can be reduced. Further, because the calculation of the error evaluation polynomial »(x) is 
done Ta similar manner, the common control of <,(x) and «(x) can be made at the time of the above- 

mentioned calculation. ^ « « 

Another embodiment of the present invention is described in relation to Rg. 8 which ,s a How chart 
showing a decoding method of the fleed-Solomon Code. In Fig. 8. .t is first checked in step 21 whether the 
number of pointers N„ is equal to or less than 2t. If the number of pointers Np is not equal to or less than 2t. 
nro^ssing g^^^^^ step 22. because error correction can be performed without using the pointers. An error 
Son S,fyn^^^^^^ afx) and an error evaluation polynomial «(x) can be obtained from a syndrome 
20 polynomial S(x) and for this operation the Euclidean algorithm may be employed. » u ^ if 

From Step 22 the process moves to step 23 to examine whether (deg <t{x) < t) is established. If this 
condition te not established, error correction flags are set at all the pointer positions at ^tepf. because 
error correction becomes impossible. When the condition of step 23 is ^^'^^^'^^^^''^^ZlTJor 
to detect an error position. That is. (x = <x^'). which is ( a(x) = 0). is detected and the detected error 
position pill subjected to checking whether (0 ^ Pi <n) is established at step 25 When me condrtjon o 
step S is r^et. piocessing moves to step 26 for error correction. On the other hand, when the condition of 
Step 25 is not satisfied, processing goes tp step 27 for setting the error correctton flags 

Error correction is processed by obtaining an error pattern by the following equaton » <J> J 

fomial Srst-order differential of the error location polynomial .(x) and by adding the error pattem to a word 
30 of the received signal. 

'Oh^entrnu^ier of the error pointers N, is equal to or larger than 2t as det--*^^^^^^^^^ IZ"^^^ 
correction which is different from the above-mentioned processing, is subsequently performed. «" 
o? erasJ;^ correction, the error location polynomial a'(x) is calculated from the pointer positions in step 28 
35 and in the next Step 29 « (X) (= a-(x) 'Six)) is calculated. , h«„ mo« > dea 

Here, a judgement of the roliability of the pointers is made in step 30 so that when (deg c W > deg « 
(X)) Ts 2;iL2d. it is judged that the reliability of the pointers Is high, and an error pattem Op. is obtained 
at step 31 as follows: 

40 'S^henlheCilbilitiTo^the pointers is low. no erasuro correction is made, as represented at the NO 

'^^tl^ '^y^p^!\ the case where errors occur at positions (1. a"', a-. as indicated by the 

Shade lin^n Rg- SA. respective errors are ( a*. «3. ,. as shown at Rg. SB. and pointers aro set at 
positions (1. a'^. «"^ ^ shown in Fig. 50. ^ . k» • ^ 

OS By use of these pointers, an error position polynomial a 3 as follows is obtained. 

,.3 (,) = (X * 1) (X + «-') (X * a-^) (X * a-3) (X * a-*) (X ^a"') = X- + x' + a«X* + a ^X + » X + 
a^X + o'3 

As a result. 

„ ♦ = + a'^Y? + o' 
50 A syndrome polynomial S(x) derived from a received signal is: 
S (X) = a'*x' + o8xS + a^xS + a^X* + a'x^ + X^ +a'x + o* 

An error evaluation polynomial « 5 (x) becomes 
0-3 (X) • S (X) ■ a"x9 + X* + a"x3 + o'^x^ + o'*x + . (x) (mod. »•) 
Also, 

is es'taJiLi' AS a rls^i*' it cVbi understood that the pointers contain tnie error positions.Jn other words. 
It cii be sSd that the pointers are reliable. Actually, when error patterns a» obtained by o 3 (x) and « , 
(X). the foltowing is established: 
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X - 1 



to 



T5 



25 



30 



w,* (1) / 0," U) 



1^ 4 

- 1 / o^- • a* 



4 3 
20 ■ a /a a 



- a" / a" - «» 
X • a 

•4. - «3* ( a"'*} / aj** ( a*'*) 
as • ct / a ■ a 

X • a"' 

» 0 / a^^ • 0 

Since this positron is not a true error, it is correct that the location should be zero. 

In the above example of erasure correction, the following two kinds of calculations are required: 

1. Coefficients a j (j = 1, 2. ... 2t-l) of the error location polynomiala'(x) using, as a root, a *^ (i =1,2. 
.... 2t) corresponding to pointer locations are obtained. 

0* (X) - n (X +a 

2f 1 
• Z Oj x3 
^-0 
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2 The error evaluation polynomial « (x) is obtained by multiplying the obtained a(x) and the 
syndrome polynomial S(x) obtained from syndromes of the received signal. 

„'(X) -a'(X) • S (X) ^ ^ u 

Further, as an important check, it is confirmed whether: 
s clega'(x) = degu'Cx) + 1 

20 Of (X + a) (X + D) (X + c) {X a; ^ . . . ^ ^ ^j^^n suppr»ed to a multiplier of (x + 

^de< AO that are connected in cascade, la »''*"°". '"I^^J^ " ' kJ^.. «. . are cbtaired 
of tne respec«.e sBges. « » obtained Bra al the culput letmnal 35 Ihen are 

sequwBally. and Bnally «, Is obtained. ^ „fcirence to Flas. 12A and laC and the 

„ conligu-adon doee not look good, inputs a 1 ''Pf °» ^ . a crt:.,lalion circuit ol 

. Err Hko^^^^^^ 

the circuit of Fig. 14. . c-^ ca «fH*ar «vamn!es usino data shown in Rgs. 3A 

Although the above is based on data as shown m Rg. other a„ error 

4S and 4A could be calculated as well as. For example, as shown in Fig. 30. poirae s 
positions are set, * a. 7-3 * -4v2 + a'^x + a* 

(X) = (x * 1) (X + a-') (X +a-') (X + a"*) = X* * -'x^ + oPx + a X 
(X) = a'X^ + X2 + a " (mod. X») 

Sllfomer hand, as in a pointer shown in Fig. 4C, if the pointer does not contain any error position. 



50 



55 



"^Z- (X) = (X * 1) (X > a-') (X . = X3 . -«X^ . a3x= * a'X * «« 

Further, by calculating « % (x)*S (x). , , ^ ,* _ - /v\ fmod x^^ 

C2' (X) S (X) - ax' * «'^x« + «»xs * * x3 + a^^ a'* - «2 (x) (mod. X ) 
is established. From these, the following is understood: 

in me case where erasure correction is made with a t-multiple correcUon code. 
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a. when pointers, which are equal to or less than 2t. contain all correction positions, 
deg a' (X) > deg « (x) 

( or deg a* (x) = deg (x) + i) 

b. when the pointers, which are equal to or less that 2t. do not contain any error position, that is. 
5 when they do not work as accurate pointers. 

deg o- (X) ^ deg w'{x) 
Is establisiied. 

Accordingly, the invention enables checking the reliability of the pointer at the time of erasure 
correction. Since this permits the detection of an error, stopping the erasure con-ection and checking 
to whether nornnal error correction is possible even if an error is present in a pointer, increases the number of 
the cases where error correction can be made. 

The above description is given on preferred embodiments of the invention, but it will be parent that 
many modifications and variation could be effected by one skill in the art without departing from the spirit or 
scope of the novel concepts of the invention, which should be determined by the appended claims. 



Claims 

1 . A method for decoding Reed Solomon Code in which syndromes are calculated by a parity check 
20 matrix and a received word, an error location polynomialtf{x) and an error evaluation polynomiatai(x) are 

calculated, an error pattern ep is obtained by a calculation of 

[ep a w)a P) ' a'(a"P) using a formal first-order differential polynomial ff'(x) of the error location polynomial a- 
(X) and the error evaluation polynomial «{x). so that a symbol of the received word at an error position p Is 
corrected, 

25 the method comprising steps of: 

separating even-numbered terms ae(x) and odd numbered terms <y^ (x) of said error location 
polynomial <j{x): 

obtaining [gq (a '")] and [a^ (a*'")] by placing predetermined values into each x of said separated even- 
numbered terms (x) and odd-numbered terms o^(x)] and calculating 

30 a(a "") = ce (a"") + a-^a'p 

a ( an = a'o (cr"") 

in order to provide aia'"") and a (a*"") simultaneously. 

2. In a decoding method of the Reed Solomon Code including the steps calculating syndromes based 
on a parity check matrix and a received word, calculating an error location polynomial a(x) and an error 

35 evaluation polynomial cj(x) from said syndromes, obtaining an error pattern ep by a calculation of [ep 

(a'P) a'(a*P)] by the use of a formal first-order/differentiai polynomial c'(x) of said error location polynomial 
o(x) and said error evaluation polynomial oi(x), and correcting a symbol at an error position p. an improved 
decoding method comprising: 

performing erasure correction by regarding error pointers in said error pattem as correct when a 
40 condition of 

deg a'Cx) >deg «'(x) 

is established based upon <j'{x) = a*(x) 'S(x), which is obtained by a multiplying an error location 
polynomial a'(x) and a syndrome polynomial S(x). where a'(x) is the error location polynomial formed by 
values corresponding to error locations Indicated by the pointers. 

45 3. A decoder for decoding Reed Solomon Code in which syndromes are calculated by a parity check 
matrix and a received word, an error location polynomial c(x) and an error evaluation polynomial co(x) are 
calculated, an error pattern ep is obtained by a calculation of (ep = w(ot'^) la (a'P)] using a formal first-order 
differential polynomial a(x) of the error location polynomial a'(x) and the error evaluation polynomial w(x), so 
that a symbol of the received word at an error position p is corrected, 

50 the decoder comprising means for separating even-numbered terms aj^y) and odd numl^ered terms oq- 

(x) of said error location polynomial o(x); 

means for obtaining [a© {a'*")] and [a^ (a "")] by placing predetermined values into each x of said 
separated even-numbered terms a, (x) and odder-numbered terms co (x): and calculating 
a(a*") = ae (a"") + o**"a'o {<x^) 

55 a (a *") = a\ (a"") 

in order to provide o(a and a'(<j''") simultaneously. 
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when a condition of 



corresponding to error locations indicated by the pointers. 
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@ Method and apparatus for decoding reed-solomon code. 



® Decoding for the Reed-Solomon Code in which 
syndromes are calculated by a parity check matrix 
and a received word, an error location polynomial a- 
(x) and an error evaluation polynomial o>(x) are cal- 
culated, an error pattern ep is obtained using a 
formal first-order differential polynomiala (x) of the 
error location polynomial a(x) and the error evalu- 
ation polynomial 6)(x), and a symbol of an error 
position p is corrected. Even number terms and odd 
number terms of the error location polynomial are 
separated and predetermined vahjes are put into 
each X of the separated even number terms and a - 



(a"") and a' are produced simultaneously era- 
sure con-ection is made by regarding points as cor- 
rected when a condition of 

deg o" (x) > deg o)*(x) 
is established based on « (x) = a\x) -S (x). which is 
obtained by a multiplication of an error location 
polynomial a*(x) and the syndrome polynomial S(x). 
where <t*{x) Is the en-or location polynomial formed 
by values corresponding to error locations indicated 
by the pointers. 
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